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acid. Tryptic peptides were prepared from the oligosaccharide-containing CNBr peptide (see below) by incubation at 2 mg/ml in 2% (w/v) ammonium bicarbonate, pH 8.0, with trypsin (Worthington TRTPCK; E:S of I : 100) at 25°C for 3 h, followed by freeze-drying. The peptides were dissolved in 0.1% (v/v) trifluoracetic acid and separated on a 4.6 m m x 2 5 0 mm C-18 reverse-phase column (Vydac 201TP 104; Separations Group Inc.) . Peptides carrying Nlinked oligosaccharides were identified by their reactivity on nitrocellulose paper with concanavalin A in combination with their susceptibility to digestion with glycopeptidase-F (EC 3.2.2.18) [7] . Amino acid and hexosamine compositions were determined using the Waters Pico-Tag (TM) system with correction for a 10%, hydrolytic loss of glucosamine. Sugars. as the alditol acetates, were analysed at BioCarb Chemicals A B (Lund, Sweden) by g.1.c.-m.s. The number of mol of sugar per mol of peptide were calculated by comparing the contents of glucosamine determined by amino acid analysis with the results from g.1.c-m.s. All the concanavalin A-reactive oligosaccharides were located in a CNBr peptide known [8] to encompass the Cterminal half of the protein core. Digestion with glycopeptidase-F abolished this reactivity. Three tryptic peptides, the amino acid and neutral sugar cornpositions of which are given in Table 1 , were found to react with concanavalin A. By comparison of the amino acid compositions o f the peptides with those predicted from the total sequence analysis completed in this laboratory (P. G. Scott, unpublished work), it was deduced that the oligosaccharides were attached to asparagines at sequence positions 182 (fraction Ill), 233 (fraction 11) and 274 (fraction I). These locations are those suggested in the DNA-deduced sequence 191 as possible sites for N-glycosylation, based on the minimum requirement of an Asn-X-Ser or Asn-X-Thr sequence 1101. All three positions appear to be substituted with predominantly biantennary 'complex type' (lactosamine-containing) carbohydrates. The compositions preclude the presence of significant proportions of 'high-mannose type' oligosaccharides, suggested as possible components of PDS synthesized by human skin fibroblasts 161. Sialic acid was not detected o n chemical analysis. The primary biochemical abnormalities underlying these disorders have yet to be discovered, but recent studies have shown that concentrations of phosphorylated dolichol are much higher in brains from each form of the disease than in age-matched controls [ 2-41. The solubility properties of the accumulating phosphorylated dolichol in JCL and LlCL brain are consistent with their being present largely in the form of dolichyl pyrophosphoryl oligosaccharides (Dol-PP-0 s ) [2] . The structures of the oligosaccharide chains from JCL and LlCL suggest that they are derivatives of dolichollinked glycosylation intermediates [ 5, 6). After liberation from Dol-PP-OS, by mild-acid hydrolysis, at least 12 different oligosaccharides, ranging from Man,GlcNAcz to Glc,Man,GlcNAc,, can be resolved [ 5 I . Man, GlcNAc, , Man, , GlcNAc2 and Glc, Man, GlcNAc,  Total phosphorylated dolichol was estimated in weighed pieces of cerebral cortex from four different cases of ICL by a method previously reported [7] . The mean concentration was 100.6 f 24.2 pg/g wet weight, normal values for four age-matched controls being 7.7 f 2.7 pg/g wet weight. The extraction properties of the phosphorylated dolichol were consistent with it being present largely as Dol-PP-OS. Phosphorylatcd dolichol was extracted poorly by chloroform/ methanol (2: 1, v/v) or butanol/diisopropyl ether (2:3, v/v), but could be extracted by chloroform/methanol/water (1 : 1 :0.3, by vol.) (CMW1103).
The oligosaccharide portions of Dol-PP-OS in chloroform/methanol/water (1: 19.3, by vol.) extracts of ICL brains were released by mild-acid hydrolysis and analysed by methods previously described [ 5, 81. Analysis by t.1.c. revealed, in each of the brains analysed, five high-A4, oligosaccharide bands. The two predominant components comigrated with Man,GlcNAc, and Man,GlcNAc2 standards. There were also decreasing amounts of components comigrating with Man,_,GlcNAc2.
A separation by h.p.1.c. of dolichol-derived oligosaccharides from ICL brain is shown in Fig. 1( a) ; as with the t.1.c. analysis similar patterns were seen in all four ICL brains. The identity of peaks can be inferred from their elution position in relation to those of dolichol-derived oligosaccharides from JCL brain (Fig. 1 b) . The predominant component in ICL co-migrated with ManyGlcNAc2 and eluted as a single Gaussian-shaped peak. Components co-migrating with Man,_,GlcNAc, can also be seen, though for each a number of peaks were partially resolved, suggesting that multiple structures were present. No larger oligosaccharides, corresponding to hexose,,,.,2GlcNAc,, were detected by either method. The sensitivity to digestion by jack bean a-Dmannosidase of the oligosaccharides isolated from each ICL brain was investigated. All the components could be digested to Man,GlcNAc,.
We conclude that ICL brain contains Dol-PP-OS composed entirely of a-linked mannose apart from thc core Man/3l-4GlcNAc~1-4GlcNAc. Man,GlcNAc, is the predominant component with decreasing amounts of Man,_,GlcNAc,. One mechanism that could have generated this pattern of oligosaccharides from the full-length glycosylation intermediate Glc,ManyGlcNAc2 is a defect in the removal of a-linked mannose residues. The evidence from h.p.1.c. that Man,GlcNAc2 is homogeneous, but that multiple structures are found for the smaller components, would be consistent with such an origin for these compounds. Increased concentrations of high-mannose glycoproteins have also been reported in ICL [9] brain. Thus it is possible that a specific mannosidasc is defective in ICL.
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